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Abstract 
Innovation activities in high tech industries provide considerable challenges for technology 
and innovation management. In particular, firms frequently face significant technological 
challenges since these industries has a long history of radical innovations which are taking 
place through distinct industry cycles of higher and lower demand. The paper investigates 
these issues for three high-tech industries, namely semiconductor manufacturing, 
biotechnology and electronic design automation which is a specific sub-segment of the 
semiconductor industry. It analyses the association of firm characteristics with different 
aspects of acquisition behaviour. Particular focus is put on innovation-related firm 
characteristics. The paper finds that the determinants for acquisitions are mostly related to 
firm size, financial conditions and geographical origin of the firm. Only for biotechnology, a 
substitutive relationship is identified between acquisitions and own research activities. 
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1. Introduction 
Innovation activities in high-tech industries such as semiconductors, biotechnology (biotech) 
or electronic design automation (EDA) are diverse and driven by a variety of determinants. In 
particular, firms frequently face make-or-buy decisions, especially as concerns radical 
innovation. This, together with the cumulative and rapid nature of innovation makes 
innovation management a very challenging task in such industries.  
For example in the semiconductor industry, levels of research and development (R&D) input 
are strongly affected by the highly cyclical nature of the industry, whose most severe 
downturn was in 2000 to 2001. R&D expenditure has significantly dropped in this period and 
has not recovered so far. In parallel to this, semiconductor firms’ propensity to patent has 
considerably increased in US in 1980s, especially after formation of a centralized appellate 
court in 1982 as a means to strengthening patent rights (Hall and Ziedonis, 2001). In parallel, 
there is also evidence of considerable innovation-related acquisition activity in the industry 
(Bloningen and Taylor, 2000; Sanchanta, 2007) 
As another example, the EDA industry is a particular sub-segment of the semiconductor 
industry and focuses on chip design. EDA has a simple market structure as concerns the 
supply side with three large firms and a number of small firms being active in the industry, 
which are frequently acquired by larger firms in the industry. The industry covers a number of 
complex processes from chip design through to testing.  Increasingly, the products of the 
electronic design automation industry also get integrated into manufacturing processes in 
order to enable direct feedback from the production to the design stage in turn making 
innovation processes even more challenging.  
Finally, looking at the third sector, also biotech can be characterised by strengthening patent 
rights (especially in the US) and rapid technological change for cumulative technologies. 
Again, acquisitions are a frequent phenomenon in this industry as are intensive collaboration 
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and cooperation activities (Jack, 2007; Hofmann, 2007; Jack, 2006; Rothaermel and Deeds, 
2004; Pangarkar, 2003). 
The purpose of this paper is against this backdrop to analyse the determinants for acquisitions 
in terms of value, frequency and technological relevance of the acquisitions. 
 
2. Theoretical foundations and literature review 
It seems that classical themes of technology and innovation management such as the concepts 
of architectural and competence-destroying innovation and the distinction between radical and 
incremental innovation have particular relevance in the high-tech industries. These concern 
for example whether small start-ups are largely responsible for incremental innovation or 
whether radical innovation requires large-scale industry cooperation as has been set up in the 
past in semiconductor manufacturing. The paper discusses these aspects in some detail from a 
theoretical perspective and draws in doing so mainly on new institutional economics and 
transaction cost economics. This line of thinking is also relevant for the EDA and biotech 
industries. For example, Sangiovanni-Vincentelli (2003) argues that for the former partnering, 
intensive research collaboration and innovation networks may be needed to bring about 
radical innovation there and Pangarkar and Klein (2001) and Zhang et al. (2007) point to the 
relevance of cooperation in the biotech industry. In addition to this, another stream of 
scholarly work of relevance here is the economic theory of acquisitions and the numerous 
empirical studies related to it, for example in terms of make or buy decisions regarding 
technology sourcing (e.g. Rüdiger, 1998). Two aspects are noteworthy in this respect: 
(i) Innovation cooperation in its various forms (see e.g. Tidd et al., 2005) can foster radical 
innovation. This seems to be particularly true for innovation networks (Gulati, 1998; 
DeBresson and Amesse, 1991), which have been shown to successfully yield innovation on a 
number of occasions, and in the semiconductor industry in particular in terms of Sematech 
(Flamm, 2003; Spencer, 2003).  
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(ii) The acquisition of innovative start-up firms can equally foster radical innovation in a 
situation where large firms are lacking relevant competencies to carry out the innovation. Yet, 
this approach may be limited in that small firms are sometimes not capable to carry out 
specific radical innovations themselves, e.g. due to the limitations of newness and smallness 
they often face. In this case again, innovation cooperation may be necessary. Innovation 
networks as a specific form of innovation cooperation are therefore discussed in more detail 
in the following section before looking at economic arguments for acquiring innovation. 
Research on innovation networks (e.g. Teichert, 1994; Tidd et al., 2005) has shown that 
innovation networks are often considered when innovation is so radical that no subgroup of 
firms can achieve it, but only a network. It may be in this case that a number of (larger or 
smaller) firms on the same level of the value chain cooperate closely (examples for such 
cooperation are Sematech in the USA or the cooperation of small textile firms in Italy’s 
industrial districts). 
Three main theoretical perspectives on innovation networks can be identified. These are: 
1) network theory based on e.g. the idea of weak versus strong ties and the notion that 
especially innovation networks integrate partners that represent loose ties, thereby increasing 
the search capability of the corporation, whereas other (e.g. bilateral) innovation cooperation 
such as joint ventures are more focused on strong ties (Granovetter, 1985; Gulati, 1998). 
2) a perspective on innovation networks from the perspective of strategic management 
drawing on the well developed resource- and market-based views (Stuart, 2000; Sampson, 
2005) 
3) a transaction cost-based approach rooted in new institutional economics and focussing on 
cost-benefit considerations. 
From a network perspective, innovation cooperation can be horizontal or vertical. Whilst 
Gemünden et al. (1996) and Kirchmann (1994) focus on vertical relationships along the 
supply chain and horizontal ones outside the competitive space, Hamel et al. (1989) propose 
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that horizontal cooperation with direct competitors in the supply chain can improve the focal 
firm’s performance and results. From a transaction-cost based point of view typical risks in 
innovation networks and how networks address these can be analysed in order to explain, why 
firms remain in the network despite of the risks associated. Notably, transaction cost and also 
network-based approaches to analysing innovation cooperation and innovation networks are 
not always suitable to address strategic advantages that result from innovation cooperation. 
Therefore, a complementary analysis from a strategic management perspective (e.g. based on 
the market- and/or resource-based views) seems advisable that addresses for example issues 
of network governance (e.g. Gassmann and Fuchs, 2001) and that also relates to acquisitions. 
Economic theory has proposed a number of reasons for acquisitions (see e.g. Morris and Hay, 
1991; Milgrom and Roberts, 1992; Jansen, 2001).  For example under the assumption that the 
stock market is efficient, motives for takeovers can be increased market power, reduced 
advertising and other promotional expenditure or efficiency gains which could not be realised 
without the acquisition. Other explanations that have been proposed for acquisitions are 
managerial takeovers, allocational takeovers, acquisitional takeovers or conglomerate mergers 
aimed at risk reduction (Morris and Hay, 1991).  Here, allocational takeovers refer to 
acquisitions which are motivated by a reallocation of assets to managers who make more 
efficient uses of them. This situation is possible if the assumption of fully-efficient firms is 
not made any more.  
One of the reasons, why acquisitions may be a very appropriate means for innovation are 
studies into the obstacles to innovation, especially in larger firms. This body of literature (e.g. 
Hauschildt, 2004) points out that firms may not be able or willing to carry out specific types 
of innovation. Obstacles to innovation may emerge in the sense that larger firms are not able 
to carry out specific innovations. One of the main reasons fort his can be that some 
innovations are organisationally radical (e.g. Henderson and Clark, 1990) either because firms 
do not have absorptive capacity (Cohen and Levinthal, 1990) or because such innovations 
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require intensive learning and intellectual deliberation within the firm (Levinthal and March, 
1993). Absorptive capacity can be lacking either because different or new skills of 
technologists or researchers of the larger firm are required (and essentially represent a 
problem of lacking human capital or lacking capabilities) or it can be that radically different 
organisational structures for R&D are required (for a reconceptualisation of the absorptive 
capacity concept and construct, see also Lane et al., 2006). Another important reason for an 
incapability to carry out specific innovations are certain ideological views or conservative 
attitudes in a firm, which Wheelwright and Clark (1992) refer to this as a ‘Product A filter’. 
Whilst such attitudes or views may be subjective from an external point of view, they may 
objectively deter innovation within the firm. Finally, a third reason why firms are incapable of 
certain innovations is that specific departments or individuals may attempt to avoid power 
redistribution as a result of an innovation being carried out or high risk aversion of individuals 
or departments (but not the firm as a whole). 
Next to not being able to carry out specific innovations, firms may also simply not be willing 
to carry out specific innovations which they consider as being too risky for the firm as a 
whole. This may for example be due to uncertainty with regard to its profitability. Also, firms 
may object simply against the timing of an innovation. Another set of reasons may relate to 
large firms not wanting to irritate customers with too many innovations of which longer-term 
only few survive.  Thirdly, firms may not be willing to carry out innovations that imply the 
destruction of valuable assets or would render obsolete important competencies. Fourthly, 
objection may exist because of missing or limited fit of an innovation to existing products of 
the firm. If this means that individuals or departments objectively feel incapable of 
succeeding with such an innovation, than rejecting to carry it out in the first place may be 
individually rational. Fifthly, an innovation may economically radical either in terms of 
reducing cost or by increasing performance so much that existing products of the firm become 
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uncompetitive. In such a case, a firm may decide not to carry out the innovation in order not 
to cannibalise existing products’ sales.  
Especially this last point is important since it may imply that large firms tend to favour 
incremental over radical innovations. For example, for the EDA industry, Sangiovanni-
Vincentelli (2003) claims, that start-up firms have largely realised incremental innovations 
and that the level of radical innovation in this industry may be too low, which refers back to 
the argument made in the previous that innovation networks are needed for radical innovation 
(Bingham, 2003).  
Jovanovic (1992) models the behaviour of small firms as drawing stochastically information 
on the market. Based on this information, the firms adjust their behaviour and their strategies. 
Those firms capable of learning based on new information are able to grow whilst those 
incapable cannot survive on the market. This can explain why larger firms acquire small firms 
that have managed to survive for some time on the market. Larger firms in acquiring a 
surviving small firm gain information that has been translated in appropriate strategies. 
Especially in fast changing industries in which per definition the level of information 
generation is high, such acquisition behaviour may help to economise on the firm’s resources 
by letting other firms carry out exploration and by then picking the survivors and in doing so 
acquiring an amplified signal from the market on which more easily decisions can be based. 
Linking this with the work of Utterback (1996) on the emergence of dominant designs and the 
subsequent focus on process innovation in an industry and the model of Klepper (1996) one 
can also conclude that smaller firms are particularly likely to emerge in areas where the 
dominant design has not yet been established. If these areas are those where information 
production is highest and where consequently acquisitions are most likely to occur, then this 
innovation may be more radical than argued by Sangiovanni-Vincentelli (2003) and Bingham 
(2003), at least in the EDA industry. 
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The previous considerations on acquisitions show that these can be another efficient means 
for firms to carry out innovation by acquiring successful start-ups in the industry. In 
summary, there is evidence for the suitability of both approaches innovation networks as well 
as acquisitions to realise (in particular radical) innovation in high-tech industries. For 
example, allocational takeovers may an important reason if small start-ups frequently come to 
a point when they do not realize their potential due to lack of complementary assets such as 
distribution channels or because of too slow growth. The focus of the remainder of this paper 
is on acquisitions and in particular on what characteristics of the acquiring firms (and here in 
particular those related to R&D) determine the acquisition of innovative or entrepreneurial 
start-ups as concerns the average annual value of acquisitions, the number of (private and/or 
public) acquisitions and the technological value of acquisitions as measured based on prior 
patenting. The reasons for doing so is that initial exploratory interviews with experts in all 
three industries analysed (biotech, semiconductor and EDA) have indicated, that innovation 
cooperation is largely confined to pre-competitive research, which significantly limits the 
scope of any analysis of innovation cooperation, as compared to acquisitions. 
Desyllas and Hughes (2005) analyse the association of R&D and patenting with acquisitions 
in a sample of broadly defined high technology industries. They find that decreasing returns 
from exploiting a firm’s existing knowledge base and the choice between making or buying 
R/D are main drivers for the acquisition of innovative firms. The exploratory interviews in the 
biotech, EDA and semiconductor industries also provide evidence, that many of the 
acquisitions in these high-tech industries are related to R&D aspects. This could be related to 
the obstacles to innovation in larger firms discussed earlier. Hauschildt (2004) and Henderson 
(1993) provide examples for situations in which firms may not be able to carry out specific 
types of innovation. One response of firms to not being able to carry out an innovation at 
acceptable cost can be the acquisition of start-ups in order to make up for their missing 
capabilities (e.g. Markides and Geroski, 2005). This paper therefore analyses empirically a set 
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of larger firms in the three industries to explore what determines the acquisition of innovative 
or entrepreneurial start-ups as concerns the average annual value of acquisitions, the number 
of (private and/or public) acquisitions and the technological value of acquisitions as measured 
based on prior patenting of the acquired start-ups. The main research question of this paper is 
therefore, if the relationship between own R&D and patenting with acquisitions is substitutive 
or not. 
 
3. Methodology and empirical research context 
Data for the analysis was collected at the SFB 541 at Humboldt University from the SDC 
Platinum and Worldscope Disclosure databases. It comprises the largest firms in the EDA, 
biotech and semiconductor industry during the period of 1981 until 2004.1 In order to 
compare the three industries which have widely different industry concentration levels, all 
firms making up approx. 80 per cent of the market by sales value were included, resulting in 
14 EDA, 50 semiconductor and 21 biotech firms being analysed.  Data was collected on a 
number of variables concerning various firm characteristics (leverage, sales, R&D 
expenditure, liquidity, patents granted and firm location). Patents of a large firm are both, a 
measure of absorptive capacity and one of R&D productivity. Patents of an acquired start-up 
can be used to assess the extent of its technological base. Using a five-year timeframe prior to 
the acquisition year to measure the level of technological knowledge is somewhat arbitrary, 
yet this approach has been utilised in the literature before (Clooydt et al., 2006) and is also 
considered a suitable balance between the declining value of knowledge and patent protection 
which increases with every year a patent ages and the increasing level of knowledge stock 
with every additional year included to measure the level of technological knowledge. It was 
not possible to use operating margin and cash flow as measures for profitability, since these 
                                                 
1 In the semiconductor industry, which had the lowest industry concentration, only the years 2001 to 2004 are 
analysed in the first instance. 
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were highly correlated with R&D intensity. Therefore, sales growth was used as a joint proxy 
for profitability and industry opportunity. 
To model influences on the average annual value of acquisitions, two well-established models 
for panel data exist, namely random and fixed effects (Johnston and DiNardo, 1997). The 
difference between the fixed effects and the random effects model is based on whether the 
time-invariant effects are correlated with the regressors (which is the case for the fixed 
effects) or (in case of the random effects model) not. For these models, the specification is: 
ε tiiit cu .+=  .         (1) 
itiitit
ecs ++′+= Xβα ,      (2)  
where i = 1, …, N units under observation, and t = 1,…, T time periods for which data were 
collected. Sit denotes an acquisition-related dependent variable for firm i in period t, Xit 
represents a set of independent variables, β ′  a vector of coefficients, ci unobserved individual 
heterogeneity and eit an idiosyncratic error that satisfies E[eit|Xit, ci] = 0. The model is 
estimated through GLS assuming no correlation between eit and ci. For the fixed effects 
model, other than the random effects model, the assumption is that the individual effect ci is 
correlated with the time-variant independent variables Xit. This means that although the basic 
specification given in (1) and (2) remains, the interpretation differs, in that the disturbance ci 
is a constant (and thus represented by a dummy variable) for each unit of analysis, i.e. here for 
each specific firm. The fact that the disturbance is a constant in the fixed effects model 
implies that all time-invariant variables will be dropped during the estimation.  
To decide which of the two models (random or fixed effects) is more appropriate, Hausman 
and Hausman-like tests (in cases where the Hausman test itself is not applicable) are used. If 
the Hausman test is significant, then the fixed effects model is more appropriate.  Since the 
number of (private and/or public) acquisitions and the technological value of acquisitions as 
measured based on prior patenting of the acquired start-ups are all count data, negative 
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binomial models are estimated for these as independent variables. The Hausman test is 
involved analogously to determine whether fixed or random effects are appropriate. 
 
4. Results 
To address the hypotheses developed in the previous section, panel estimations for negative 
binomial and multiple regression models are applied to identify significant associations for 
the level at which large firms acquire (i.e. the number of acquisitions per year and the average 
value per acquisition and year, as far as available) and to what degree it acquires 
technological patents (as measured by the total number of patents granted to the acquired 
firms in the acquisition year and the five years prior to it). The next three section summarise 
the results for each industry separately. 
 
4.1 EDA industry 
Tables 1 to 4 summarise the results in the EDA industry.2 Concerning the factors associated 
with the average annual value of the acquisitions made by firms in the EDA industry, Table 1 
shows that sales has a significant positive association with the value of acquisitions, whereas 
if a firm is headquartered in Asia have a significant negative association. Next to the 
acquisition value, the total number of acquisitions is also a measure of acquisition intensity 
and the results for this measure are reported in Table 2. 
 
TABLE 1 
Random effects GLS model for EDA industry, dependent variable: EDA average annual value of acquisitions 
(mn €) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
-6.8481  
(11.7189) 
    Current ratio 0.2594  
                                                 
2 In the EDA industry, the results for a model including the logarithm of Tobin’s Q as an additional measure for 
profitability and economic opportunities yield very similar results but are not reported here due to size 
limitations. 
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    (current assets to current liabilities) 
 
(5.1601) 
    Sales growth 
   (% over previous year) 
 
-0.2083 
(0.1917) 
    Sales 
    (natural logarithm of net sales in 1000 €) 
 
24.5336  
(7.1548)*** 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
1.2023  
(1.0475) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
25.0810 
(25.1617) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
-231065.9  
(212743) 
    Missing Patenting intensity data 
    (dummy; 1 = missing) 
 
52.4118  
(23.0073)** 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
70.52536  
(87.1526) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-23.7969  
(14.1068)* 
    Constant 
 
-248.9254  
(86.3693)*** 
 
    R² within 
    R² between 
    R² overall 
 
 
0.0776 
0.3867 
0.1543 
    No. of observations (individuals) 
 
93 (14) 
    Wald Chi² 
          p-value 
 
1063.75 
< 0.001 
    Hausman specification test 
         Chi² 
         p-value 
 
3.17 
0.5291 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; heteroskedasticity-robust standard errors in 
parentheses; unbalanced panel data with observations per group: min = 3; max = 11; average = 6.6 
 
As can be seen from Table 2, concerning the number of acquisitions made a significant 
association with the same sign as for the value of acquisitions is found for sales. However, for 
the R&D intensity the association is now significant and negative. This means that firms with 
a high R&D intensity tend to acquire on average more than those with low R&D intensity.  
It needs to be noted, that for some acquisitions the value is not disclosed which means that the 
data is less complete with regard to acquisition values. Desyllas and Hughes (2005) argue that 
acquisitions of private firms should be more strongly related to the acquisition of innovation 
than those of large firms, since private acquisitions refer more often to smaller and more 
specialised start-ups that are specialised in technological niches. This is addressed in Table 3. 
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TABLE 2 
Negative binomial model for EDA industry, dependent variable: acquisition of public or private companies (total 
number) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
-0.3772  
(0.3185) 
    Current ratio 
    (current assets to current liabilities) 
 
-0.0869  
(0.1256) 
    Sales growth 
   (% over previous year) 
 
0.0022 
(0.0034) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.3154 
(0.1295)** 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-0.0489 
(0.0231)** 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-30.1041  
(1411434) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
233.5289  
(586.8052) 
    Missing Patenting intensity data 
    (dummy; 1 = missing) 
 
-0.0714 
(0.5024) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
-0.1113  
(0.6071) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-0.9158  
(0.7010) 
    Constant 
 
12.5456 
(847.3765) 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-115.9448 
16.5696 
1.9576 
    No. of observations (individuals) 
 
105 (14) 
    Wald Chi² 
          p-value 
 
24.03 
< 0.01 
    Hausman specification test 
         Chi² 
         p-value 
 
0.02 
1.0000 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 3; max = 13; average = 7.5; Likelihood-ratio test vs. pooled: Chi² = 4.47, p-value >= Chi² = 0.017 
 
Table 3 provides results for the factors that are associated with the acquisition of private 
firms. As can be seen the association for R&D intensity is of the same direction as for the 
total number of (public and private) acquisitions. However, the significant association for 
sales becomes insignificant whilst at the same time, the number of private acquisitions is 
significantly positively associated with sales growth.   
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TABLE 3 
Negative binomial model for EDA industry, dependent variable: acquisition of private companies (total number) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
-2.8701  
(1.9182) 
    Current ratio 
    (current assets to current liabilities) 
 
0.0980 
(0.2094) 
    Sales growth 
   (% over previous year) 
 
0.0139  
(0.00736)* 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.3240  
(0.2716) 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-0.1399  
(0.0680)** 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-10.8502  
(138.3239) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
.27406  
(2290.472) 
    Missing Patenting intensity data 
    (dummy; 1 = missing) 
 
-7.9485 
(86.9365) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
1.5511  
(1.0238) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-0.8607  
(1.51296) 
    Constant 
 
7.50119  
(27.6340) 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-25.9013 
19.9601  
12.5728  
    No. of observations (individuals) 
 
105 (14) 
    Wald Chi² 
          p-value 
 
9.37 
< 0.4976 
    Hausman specification test 
         Chi² 
         p-value 
 
0.10 
0.9998 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 3; max = 13; average = 7.5; Likelihood-ratio test vs. pooled: Chi² = 0.00, p-value >= Chi² = 1.000 
          
Next to distinguishing between the acquisition of private and public firms, a more direct way 
to assess the innovativeness of the acquired start-ups is to evaluate their patent stock. This is 
done in the model reported in Table 4 for which the dependent variable is the number of 
patents acquired by the start-up in the five years prior to acquisition and in the acquisition 
year itself. The approach of using a five-year timeframe prior to the acquisition year has been 
pursued in the literature before (Clooydt et al., 2006) and strikes a balance between the 
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declining value of a start-up’s knowledge stock and increasing levels of knowledge stock with 
every additional year included. Notably, for private acquisitions, a significant negative 
association is also found for financial leverage (proxying the financial status of the firm) as is 
a significant positive association of the number of acquisitions of private firms with sales 
growth as a proxy for the acquiring firm’s profitability. 
As can be seen in Table 4, the main factors significantly associated with the number of patents 
that have been granted to the acquired firm until including the fifth year prior to the acquisiti-
on are sales (positively) and if the company is headquartered in Europe (positively).  
 
TABLE 4 
Negative binomial model for EDA industry, dependent variable: patents granted to acquired firm in acquisition 
year and 5 years prior to acquisition 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
0.0080 
(0.3610) 
    Current ratio 
    (current assets to current liabilities) 
 
-0.4682  
(0.3307) 
    Sales growth 
   (% over previous year) 
 
-0.0062  
(0.0063) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.6306 
(0.1909)*** 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
0.0362 
(0.0302) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-18.7229  
(16963.51) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
-12930.34  
(8960.437) 
    Missing Patenting intensity data 
    (dummy; 1 = missing) 
 
-0.1970 
(1.0853) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
1.7016  
(0.8246)** 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
0.2057  
(1.2498) 
    Constant 
 
-9.87835  
(3.2020)*** 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-125.1155 
12.1500  
15.3276 
    No. of observations (individuals) 
 
105 (14) 
    Wald Chi² 19.43 
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          p-value 
 
< 0.0351 
    Hausman specification test 
         Chi² 
         p-value 
 
9.98 
0.1900 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 3; max = 13; average = 7.5; Likelihood-ratio test vs. pooled: Chi² < 0.001, p-value >= Chi² = 0.499 
 
4.2 Biotech industry 
As concerns the results for the biotech industry, the variation in sales growth (based on the 
pooled data across all years) is generally stronger (mean approx. 114%, minimum -100% and 
maximum approx. 5500%) for biotech than for the EDA industry (mean ca. 33%, minimum     
-31% and maximum 717%). The average sales across all years are however slightly larger for 
EDA (mean 629,000 USD, minimum 226,000 USD and maximum 9 million USD) than for 
the biotech industry (mean 562,000 USD, minimum approx. 60,000 USD and maximum 
approx. 10 million USD). Comparing both industries with semiconductors, it becomes clear, 
that for the latter average sales are considerably larger (mean approx. 3.4 million USD, 
minimum approx. 95,000 USD and maximum approx. 31 million USD). As concerns sales 
growth, it averages to 164% in the semiconductor industry and the variation (minimum -99%, 
maximum 9868%) is even stronger than in the biotech industry which is consistent with the 
high revenue fluctuation well established for the semiconductor industry (e.g. Levy 1994). 
Looking at R&D intensity and patenting intensity, the pooled average for the biotech industry 
is 164% for R&D intensity with the minimum being 0% and the maximum being 4070%. The 
average patenting intensity for the biotech industry (patents per thousand USD sales) is 
0.0003 with the minimum being 0 and the maximum being 0.0167. Compared to this, in the 
EDA industry, the average R&D intensity is 47% with the minimum being 7% and the 
maximum being 2760%. The average R&D intensity is pushed upwards by very high outlier 
values for one firm (Magma Design Automation). For most other firms in the EDA industry, 
the R&D intensity is in the range of 10-15%. As concerns patenting intensity, the mean value 
is of similar order of magnitude as for biotech, namely approx. 0.0002 with the minimum 
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being 0 and the maximum being 0.088 patents per thousand USD sales. Comparing biotech 
and EDA with the semiconductor industry it becomes clear, that for the latter patenting 
intensity (mean approx 0.00007, minimum 0 and maximum 0.0006 patents per thousand USD 
sales) is about one to two orders of magnitude lower than for EDA and biotech, both of which 
have similar average, minimum and maximum values for the number of patents per thousand 
USD sales. This result is however consistent with the low effectiveness of patents as an 
appropriation mechanism in the semiconductor industry, i.e. the semiconductor industry 
patents less frequently in relation to sales (Cohen, Nelson et al. 2001). Concerning the R&D 
intensity of the semiconductor industry (mean approx. 14%, minimum approx. 1% and 
maximum approx. 46%) it is found that it is similar to and even slightly higher that of the 
EDA industry (after accounting for outlier values in the latter) which is consistent with earlier 
findings (Sangiovanni-Vincentelli, 2003). Also the R&D intensity in both the EDA and 
semiconductor industries is considerably lower than for biotech which mirrors the 
considerable uncertainty of research-related investments in the latter. Given this uncertainty, 
an analysis of the relevance of external R&D sourcing through acquisitions is of particular 
relevance for the biotech industry. In this respect, as concerns the value of acquisitions Table 
5 shows that for the biotech industry it is significantly positive associated with the liquidity of 
the acquiring firm, its size as measured by sales and is significantly negative associated with a 
firm being located in Europe, i.e. European firms do, all else being equal acquire at 
significantly lower prices than firms in the US. 
  
TABLE 5 
Random effects GLS model for Biotech industry, dependent variable: average annual value of acquisitions (mn 
€) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
-0.9459 
(4.3625) 
    Current ratio 
    (current assets to current liabilities) 
 
4.4728* 
(2.5697) 
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    Sales growth 
   (% over previous year) 
 
-0.0040  
(0.0353) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
68.5278  
(32.0973) ** 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
0.0875 
(0.0585) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
18.1410  
(41.7690) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
19758.9  
(13497.21) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
-163.5689  
(74.9174) ** 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-16.7617 
(121.5723) 
    Constant 
 
-728.7524   
(360.3179)** 
 
    R² within 
    R² between 
    R² overall 
 
 
0.0199 
0.3584 
0.0755 
    No. of observations (individuals) 
 
242 (21) 
    Wald Chi² 
          p-value 
 
23.70 
< 0.01 
    Hausman specification test 
         Chi² 
         p-value 
 
14.21 
0.1638 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; heteroskedasticity-robust standard errors in 
parentheses; unbalanced panel data with observations per group: min = 5; max = 17; average = 11.5 
 
Table 6 provides the results for the biotech industry for the acquisition of public or private 
firms. What can be seen is that leverage has a significant positive acquisition with the number 
of acquisitions as has sales as a measure for firm size. 
 
TABLE 6 
Negative binomial model for Biotech industry, dependent variable: acquisition of public or private companies 
(total number) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
0.0644  
(0.0387)* 
    Current ratio 
    (current assets to current liabilities) 
 
-0.0147  
(0.0350) 
    Sales growth 
   (% over previous year) 
 
-0.0003  
(0.0005) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.2406 
(0.1097)** 
    R&D intensity -0.0012 
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    (R&D expenditure to net sales in %) 
 
(0. 0023) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-25.4788  
(593358.8) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
-101.9886 
(650.8131) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
-1.1855  
(0.9060) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-0.7799 
(1.0897) 
    Constant 
 
0.0687 
(4.3030) 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-183.0504 
3.9710   
0.3007  
    No. of observations (individuals) 
 
246 (21) 
    Wald Chi² 
          p-value 
 
17.02 
< 0.05 
    Hausman specification test 
         Chi² 
         p-value 
 
15.46 
0.1161 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 5; max = 17; average = 11.7; Likelihood-ratio test vs. pooled: Chi² = 26.77, p-value >= Chi² < 0.01 
 
Table 7 shows that if only the number of acquisitions of private companies is considered, no 
significant effects can be identified. This is likely due to the fact, that only very few of the 
acquisitions in the biotech industry are private companies. For the biotech industry, only 1 
private acquisition occurs across the period analysed (1980 to 2006 in the case of this 
univariate analysis) per acquiring company in the sample (versus 1.9 and 1.2 private 
acquisitions per acquirer in the semiconductor and EDA industries, respectively). 
 
TABLE 7 
Negative binomial model for Biotech industry, dependent variable: acquisition of private companies (total 
number) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
0.0440 
(0.1609) 
    Current ratio 
    (current assets to current liabilities) 
 
0.0970 
(0.0795) 
    Sales growth 
   (% over previous year) 
 
-0.0061 
(0.0060) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.4674  
(0.3061) 
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    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-0.0130  
(0.0104) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-11.8387  
(229.5436) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
0.9215  
(2.0102) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
-0.9347 
(1.3335) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
0.6036  
(1.2138) 
    Constant 
 
  6.4700 
(536.8714) 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-52.9497 
15.2528  
0.3683  
    No. of observations (individuals) 
 
246 (21) 
    Wald Chi² 
          p-value 
 
8.25 
0.5091 
    Hausman specification test 
         Chi² 
         p-value 
 
2.30 
0.8061 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 5; max = 17; average = 11.7; Likelihood-ratio test vs. pooled: Chi² = 2.34, p-value >= Chi² = 0.063 
 
As can be seen in Table 8, for the number of patents granted to the target prior to acquisition, 
a significant positive association is found for financial leverage and sales whereas the 
headquarter of the acquired company being located in Europe is significantly negatively 
associated with the number of patents granted to the target prior to acquisition. 
 
TABLE 8 
Negative binomial model for Biotech industry, dependent variable: patents granted to acquired firm in 
acquisition year and 5 years prior to acquisition 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
 0.1418 
(0.0770)* 
    Current ratio 
    (current assets to current liabilities) 
 
0.0270 
(0.0479) 
    Sales growth 
   (% over previous year) 
 
-0.0006  
(0.0006) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.3991 
(0.1398)*** 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-0.0015  
(0.0034) 
    Missing R&D intensity data -24.3442  
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    (dummy; 1 = missing) 
 
(623039.9) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
-0.1617  
(1.2568) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
-1.9166  
(1.0180)* 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-0.1725  
(0.7421) 
    Constant 
 
-8.3222 
(2.0427)*** 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-265.3305 
12.9170 
17.6537 
    No. of observations (individuals) 
 
246 (21) 
    Wald Chi² 
          p-value 
 
20.17 
< 0.0169 
    Hausman specification test 
         Chi² 
         p-value 
 
0.00 
1.000 
  
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 5; max = 17; average = 11.7; Likelihood-ratio test vs. pooled: Chi² = 0.00, p-value >= Chi² = 1.000 
 
4.3 Semiconductor industry 
The analysis of the semiconductor industry covers only the period 2001 to 2004, since in 2000 
the industry experienced its worst recession and therefore including 2000 and prior years may 
have introduced a structural break because of the significantly changing sales figures which 
would have made interpretation of the results very difficult. 
Furthermore, in the case of the semiconductor industry, using the acquisition of private firms 
as a proxy for technology-based acquisitions or acquisitions for innovation reasons was 
difficult since the on average larger size of the acquired firms meant that the targets were very 
rarely private firms. Given that such an imbalance causes problems for the estimation 
algorithms, it was therefore decided to use as a proxy for technology-based acquisitions in the 
semiconductor industry those acquisitions that refer to semiconductor technology in a narrow 
sense (i.e. semiconductor materials, lithography, design technology, production and 
microelectronic products, such as ICs, RAM, ROM, etc.).  
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Table 9 shows that firm size and whether a company is headquartered in Europe is 
significantly positively and whether it is headquarters in Asia is significantly negatively 
associated with the average annual value of a firm’s acquisitions. Furthermore, patenting 
intensity is almost significantly positively associated with the latter. 
 
 
TABLE 9 
Random effects GLS model for Biotech industry, dependent variable: average annual value of acquisitions (mn 
€) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
-7.2363  
(19.2843) 
    Current ratio 
    (current assets to current liabilities) 
 
-2.4407 
(8.5893) 
    Sales growth 
   (% over previous year) 
 
-0.0043  
(0.0377) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
8.6631  
(4.4960)* 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-1.7461  
(2.8021) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-106.6142  
(130.1437) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
873597.2  
(537848.5) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
10.2147  
(122.394)** 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-111.2905  
(49.3561)** 
    Constant 
 
42.1127  
(70.5316)* 
 
    R² within 
    R² between 
    R² overall 
 
 
0.0141 
0.4513 
0.1699 
    No. of observations (individuals) 
 
173 (49) 
    Wald Chi² 
          p-value 
 
27.81 
< 0.01 
    Hausman specification test 
         Chi² 
         p-value 
 
4.99 
0.17251 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; heteroskedasticity-robust standard errors in 
parentheses; unbalanced panel data with observations per group: min = 2; max = 4; average = 3.5 
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Table 10 provides the results for the total number of acquisitions. As can be seen, both, sales 
as a proxy for size and a firm’s headquarter being located in Asia are significantly positively 
associated with the total number of acquisitions in the semiconductor industry. 
 
TABLE 10 
Negative binomial model for Biotech industry, dependent variable: acquisition of public or private companies 
(total number) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
-0.0583  
(0.1234) 
    Current ratio 
    (current assets to current liabilities) 
 
-0.0660  
(0.0989) 
    Sales growth 
   (% over previous year) 
 
0.0001  
(0.0001) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.0378 
(0.0080)*** 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-0.0011 
(0.0189) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-0.2294 
(1.1432) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
64.3500  
(1158.096) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
0.4375  
(0.4895) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
-1.0194 
(1.0897)** 
    Constant 
 
0.9594 
(0.9394) 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-266.8162 
2.2200   
0.7835 
    No. of observations (individuals) 
 
195 (50) 
    Wald Chi² 
          p-value 
 
35.89 
< 0.001 
    Hausman specification test 
         Chi² 
         p-value 
 
10.15 
0.1184 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 3; max = 4; average = 3.9; Likelihood-ratio test vs. pooled: Chi² = 15.78, p-value >= Chi² < 0.0001 
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Table 11 shows that for more narrowly technology oriented acquisitions in the semiconductor 
industry, only being headquartered in Asia has a significant positive effect, whilst the 
association for firm size (i.e. sales) is almost significant. 
 
TABLE 11 
Negative binomial model for Biotech industry, dependent variable: acquisition of private companies (total 
number) 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
-0.5891 
(0.2692)** 
    Current ratio 
    (current assets to current liabilities) 
 
0.0329 
(0.1289) 
    Sales growth 
   (% over previous year) 
 
-0.0002  
(0.0002) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.0173 
(0.0106) 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-0.0195 
(0.0248) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-23.2471 
(235116.9) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
2356.245 
(1581.317) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
0.0481  
(0.4992) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
0.9855  
(0.5431)* 
    Constant 
 
1.4418  
(1.1568) 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-151.4412 
2.6874  
1.2114  
    No. of observations (individuals) 
 
195 (50) 
    Wald Chi² 
          p-value 
 
14.41 
0.1549 
    Hausman specification test 
         Chi² 
         p-value 
 
3.29 
0.5109 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 3; max = 4; average = 3.9; Likelihood-ratio test vs. pooled: Chi² = 2.19, p-value >= Chi² = 0.070 
 
 
As can be seen in Table 12, for the number of patents granted to the acquired firms in the 
prior five years, only being an Asian company has a significant positive association. 
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TABLE 12 
Negative binomial model for Biotech industry, dependent variable: patents granted to acquired firm in 
acquisition year and 5 years prior to acquisition 
    Variables Random effects estimates 
  
    Financial leverage 
    (total assets to total equity) 
 
 -0.2188 
(0.2666)* 
    Current ratio 
    (current assets to current liabilities) 
 
0.0640 
(0.1303) 
    Sales growth 
   (% over previous year) 
 
-0.0002  
(0.0002) 
    Sales 
    (natural logarithm of net sales in mn €) 
 
0.0110 
(0.0120) 
    R&D intensity 
    (R&D expenditure to net sales in %) 
 
-0.0218  
(0.0259) 
    Missing R&D intensity data 
    (dummy; 1 = missing) 
 
-14.5466  
(4532.405) 
    Patenting intensity  
    (Patents granted by application year to net sales) 
 
-425.6298 
(2115.386) 
    Company headquartered in Europe 
    (dummy; 1 = yes; base category: United States) 
 
-0.0684  
(0.5455) 
    Company headquartered in Asia 
    (dummy; 1 = yes; base category: United States) 
 
1.2262  
(0.5343)** 
    Constant 
 
-3.2367  
(0.9987)*** 
 
    Log-likelihood 
    Log (r) 
    Log (s) 
 
 
-274.4532 
-0.2654  
4.1186 
    No. of observations (individuals) 
 
195 (50) 
    Wald Chi² 
          p-value 
 
12.64 
= 0.2448 
    Hausman specification test 
         Chi² 
         p-value 
 
4.13 
0.5312 
Notes: Significance levels: * p < 0.1; ** p < 0.05; *** p < 0.01; unbalanced panel data with observations per 
group: min = 3; max = 4; average = 3.9; Likelihood-ratio test vs. pooled: Chi² = 14.35, p-value >= Chi² < 0.0001 
 
5. Conclusions and future research 
Overall, the results show that the patenting and R&D intensities of firms are only rarely 
associated significantly with firms’ acquisition activities. This holds for measures of 
acquisition activity in general (such as the total number of acquisitions or the average annual 
value of acquisitions), as well as for more narrow measures of technology acquisition (such as 
the number of private or technology-related acquisitions or the number of patents granted to 
the target firms prior to acquisition). The most consistent predictors found are significantly 
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positive associations of sales (as a proxy for firm size) and of leverage which are associated 
with four different measures for acquisition intensity in the three different industries analysed.  
Beyond that, geographical influences could also be identified, as summarised in Table 13. 
 
TABLE 13 
Summary of results across industries 
    Measure  EDA Biotech Semiconductors 
    
    Average annual value Leverage (+)  
Sales (+) 
Europe (+) 
Sales (+) 
Asia (-) 
Sales (+) 
Europe (+) 
Asia (-) 
    Total no. of acquisitions  
 
Leverage (+) 
Sales (+) 
Sales (+) 
R&D intensity (-) 
Sales (+) 
Asia (+) 
    No. of private/ technolo-
gy-related acquisitions 
 
 - 
  
Growth (+) 
R&D intensity (-) 
Asia (+) 
 
No. of patents granted to 
targets before acquired 
Leverage (+)  
Sales (+) 
Europe (-) 
Sales (+) 
Europe (+) 
Asia (+) 
 
The findings do not generally support the notion that acquisitions compensate weakening 
exploitation indicated by lower patenting intensity or that acquisition of innovation is a 
substitute for own R&D. The latter seems to apply specifically to the biotech industry, where 
a significant negative association is found of R&D intensity and the number of acquisitions. 
Therefore, as concerns the main research question of this paper, neither a substitutive 
relationship with acquisitions can be identified for the acquiring firms’ patenting intensity, nor 
for their R&D intensity except for the latter in the biotech industry. In the EDA and 
semiconductor industries acquisitions seem to be more strongly related to size of the firm and 
its financial conditions. 
In line with the reasoning of Desyllas and Hughes (2005) the effect sizes for R&D intensity 
are higher in absolute values for the acquisition of privately held firms only, i.e. a unit 
reduction of R&D intensity leads to higher increase of the number of acquired companies. 
Whilst the effects are not significant, this can be cautiously interpreted as a stronger 
substitutive relationship between R&D spending on the one hand with private acquisitions on 
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the other hand which could indicate that the latter are a better substitute for own R&D and 
patenting than are public acquisitions (assuming that with larger sample sizes a significant 
association could be ascertained). Given the findings on acquisitions indicate that cooperation 
and innovation networks are potentially very relevant for firms to address issues of weakening 
exploitation and reduced resource inputs to innovation activities, but that their role may differ 
according to the industry concerned. Future research should explore further such potential 
differences between industries. 
Related to this, Gans et al. (2002) argue that small firms and start-ups are more likely to 
commercialise themselves (rather than licensing or aiming for acquisition), the lower the 
control over intellectual property (IP) rights, the higher transaction costs for finding a suitable 
partner for licensing or acquisition and the lower sunk costs associated with product market 
entry are. Looking at the industries analysed in this paper, EDA has high control over IP 
rights, which favours licensing or acquisition, but also low sunk cost (favouring product 
market entry). Compared to this, the semiconductor industry is characterised by low relevance 
of patents and high sunk cost, which again does not provide clear guidance to entrants as to 
the commercialization strategy to choose. Finally, in the biotech industry control over IP 
rights is high, as are sunk cost, which strongly suggests licensing or acquisition as a 
commercialisation strategy. Given that commercialisation relates to new products and 
processes and thus innovation, one can derive from this analysis, that any relationship of 
R&D (e.g. in terms of expenditure or patenting) should in tendency be stronger in the biotech 
industry, than in the EDA and semiconductor industries, where positive and negative drivers 
for commercialisation through licensing or acquisition balance each other out more strongly. 
Figure 1 looks at this from a slightly different perspective, trying to compare the extent of 
own R&D (“make” in terms of patents) with that of acquired R&D (“buy” in terms of 
acquisitions.) Given that acquisition as a commercialisation strategy for start-ups and entrants 
should be more prevalent in the biotech industry, one would expect the ratio of acquisitions to 
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own patenting be higher there, compared with other industries, such as e.g. EDA. However, 
Figure 1 shows, that this situation only emerged very recently, and that for a long time, the 
ratio of acquisitions to own patenting was actually considerably higher in EDA. 
 
Figure 1 
Summary of results across industries 
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However, the average number of acquisitions per thousand patents across all years is 41.11 
for the biotech and 34.86 for the EDA industry, which is consistent with the model by Gans et 
al. (2002). Nevertheless, the difference is not very large, and therefore other factors 
influencing the choice of commercialisation strategy (thereby explaining when acquisitions 
are a predominant technology sourcing strategy) could be examined in future research. 
 
Acknowledgements 
Assistance of technical and administrative staff during two stays at the SFB 541 “Economic 
Risk” at Humboldt University, Berlin in which the financial and acquisition data used in this 
research was collected, is gratefully acknowledged. I would like thank Armin Anzenbacher 
 28
for diligent and careful work on the aggregation of acquisition data and collection of most of 
the acquired firms’ patent data. I also sincerely thank staff and faculty at the Wharton School, 
University of Pennsylvania for their hospitality during the writing of this paper and for 
discussions that helped to improve its content. Alas, all remaining errors are mine only. 
 
Literature 
Bingham, R. (2003) In Support of an EDATech: Pooling Resources for Competitive 
Advantage, IEEE Design and Test of Computers, November-December, 74-75. 
Bloningen, B.A. and Taylor, C.T. (2000) R&D Intensity and Acquisitions in High-
Technology Industries: Evidence from the US Electronic and Electrical Equipment Industries, 
Journal of Industrial  Economics, XLVIII, 1, 47-70. 
Clooydt, M., Hagedoorn, J. and van Kranenburg, H. (2006) Mergers and acquisitions: their 
effect on the innovative performance of companies in high-tech industries, Research Policy, 
35, 642-654. 
Cohen, W.M. and Levinthal, D.A. (1990) Absorptive capacity: A new perspective on learning 
and innovation, Administrative Science Quarterly, 35, 128-152. 
Cohen, W.M. and Nelson, R.R. (2001) Protecting Their Intellectual Assets: Appropriability 
Conditions and Why U.S. Manufacturing Firms Patent (or Not). Cambridge: NBER (NBER 
Working Paper 7552). 
DeBresson, C. and Amesse, F. (1991) Networks of innovators: a review and introduction to 
the issue, Research Policy, 20, 5, 363–379. 
Desyllas, P. & Hughes, A. (2005) R&D and patenting activity and the propensity to acquire 
in high technology industries. University of Cambridge: ESRC Centre for Business Research. 
Flamm, K.S. (2003) SEMATECH Evolving: A New Model for Global Industrial R&D 
Coordination, IEEE Design and Test of Computers, November-December, 68-69. 
 29
Gans, J.S., Hsu, D. and Stern, S. (2002) When does start-up innovation spur the gale of 
creative destruction?, RAND Journal of Economics, 33, 4, 571-586. 
Gassmann, O. and Fuchs, M. (2001) Führung von multilateralen Kooperationen, Zeitschrift 
Führung + Organisation, 70, 346-353. 
Gemünden, H.G., Ritter, T. and Heydebreck, P. (1996) Network configuration and innovation 
success: An empirical analysis in German high-tech industries, International Journal of 
Research in Marketing, 13, 449-462. 
Granovetter, M. (1985) Economic Action and Social Structure: The problem of 
embeddedness, American Journal of Sociology, 91, 3, 481-510. 
Gulati, R. (1998) Alliances and networks, Strategic Management Journal, 19, 293-317. 
Hamel, G., Doz, Y.L. and Prahalad, C.K. (1989) Collaborate with your competitors – and 
Win, Harvard Business Review, 1, 133-139. 
Hall B.H. and Ziedonis R.H. (2001) The patent paradox revisited: an empirical study of 
patenting in the U.S. semiconductor industry, 1979-1995, RAND Journal of Economics, 32, 1, 
101-128. 
Hauschildt, J. (2004) Innovationsmanagement. München: Vahlen. 
Henderson, R. (1993) Underinvestment and incompetence as responses to radical innovation: 
evidence from the photolithographic alignment equipment industry, RAND Journal of 
Economics, 24, 2, 248-270. 
Hauschildt, J. (2004) Innovationsmanagement. München: Vahlen. 
Henderson, R. and Clark, K.B. (1990) Architectural Innovation: The Reconfiguration of 
Existing Product Technologies and the Failure of Established Firms, Administrative Science 
Quarterly, 35, 9-30. 
Hoffmann, S. (2007) Biotech-Riese Amgen kauft weiter ein, Handelsblatt, 6th June: 19. 
Jack, A. (2006) M&A may be best medicine for mid-sized pharma groups, Financial Times, 
26th September: 20. 
 30
Jack, A. (2007) AZ to move into vaccines with $16bn US deal, Financial Times, 24th April: 
15. 
Jansen, S.A. (2001) Mergers and Acquisitions. Wiesbaden: Gabler. 
Johnston, J. and DiNardo, J. (1997) Econometric Methods. New York: McGraw-Hill. 
Jovanovic, B. (1982) Selection and the Evolution of Industry, Econometrica, 50, 649-670. 
Kirchmann, E. (1994) Innovationskooperation zwischen Herstellern und Anwendern. 
Wiesbaden: DUV. 
Klepper, S. (1996) Entry, exit, growth and innovation over the product life cycle, American 
Economic Review, 86, 562-583. 
Lane, P.J., Koka, B. and Pathak, S. (2006) The reification of absorptive capacity: a critical 
review and rejuvenation of the construct, Academy of Management Review, 31, 833-863. 
Levinthal, D.A. and March, J.G. (1993) The Myopia of Learning, Strategic Management 
Journal, 14, 95-112. 
Levy, D. (1994) Chaos Theory and Strategy: Theory, application and managerial implications, 
Strategic Management Journal, 15, 167-178. 
Markides C. and Geroski, P. (2005) Fast Second. How Smart Companies Bypass Radical 
Innovation to Enter and Dominate New Markets. San Francisco: Jossey-Bass. 
Milgrom, P.R. and Roberts, J. (1992) Economics, Organizations and Management. Upper 
Saddle River: Prentice-Hall. 
Morris, D.J. and Hay, D.A. (1991) Industrial Economics & Organisation – Theory & 
Evidence. Oxford: Oxford University Press. 
Pangarkar, N. (2003) Determinants of Alliance Duration in Uncertain Environments: The 
Case of the Biotechnology Sector, Long Range Planning, 36, 269-284. 
Pangarkar, N. and Klein, S. (2001) The Impacts of Alliance Purpose and Partner Similarity on 
Alliance Governance, British Journal of Management, 12, 4, 341-353. 
 31
Rothaermel, F.T. and Deeds, D.L. (2004) Exploration and exploitation alliances in biotechno-
logy: a system of new product development, Strategic Management Journal, 25, 3, 201-221. 
Rüdiger, M. (1998) Theoretische Grundmodelle zur Erklärung von FuE-Kooperationen, 
Zeitschrift für Betriebswirtschaft, 68, 25-48. 
Sampson, R.C. (2005) Experience effects and collaborative returns in R&D alliances, 
Strategic Management Journal, 26, 1009-1031. 
Sanchanta, M. (2007) Shortlist drawn up for Sanyo chip unit sale, Financial Times, 23rd May: 
19. 
Sangiovanni-Vincentelli, A. (2003) The Tides of EDA, IEEE Design and Test of Computers, 
November-December, 59-74. 
Spencer, W.J. (2003) The SEMATECH Experience, IEEE Design and Test of Computers, 
November-December, 70-71. 
Stuart, T.E. (2000) Interorganizational Alliances and the Performance of Firms: A Study of 
Growth and Innovation, Strategic Management Journal, 21, 791-812. 
Teichert, T. (1994) Erfolgspotential internationaler F&E-Kooperationen. Wiesbaden: DUV. 
Tidd, J., Bessant, J. and Pavitt, K. (2005) Managing Innovation. Wiley: Chichester. 
Utterback, J.M. (1994) Mastering the Dynamics of Innovation. Boston: Harvard Business 
School Press. 
Veugelers, R. and Cassiman, B. (1999) Make and buy in innovation strategies: evidence from 
Belgian manufacturing firms, Research Policy, 28, 1, 63-80. 
Wheelwright, S.C. and Clark, K.B. (1992) Revolutionizing Product Development. New York: 
Free Press. 
Zhang, J., Baden-Fuller, C. and Mangematin, V. (2007) Technological knowledge base, R&D 
organization structure and alliance formation: Evidence from the biopharmaceutical industry, 
Research Policy, 36, 515-528. 
 
 32
 
 
 
 
SFB 649 Discussion Paper Series 2007 
 
For a complete list of Discussion Papers published by the SFB 649, 
please visit http://sfb649.wiwi.hu-berlin.de. 
 
001 "Trade Liberalisation, Process and Product Innovation, and Relative Skill 
 Demand" by Sebastian Braun, January 2007. 
002 "Robust Risk Management. Accounting for Nonstationarity and Heavy 
 Tails" by Ying Chen and Vladimir Spokoiny, January 2007. 
003 "Explaining Asset Prices with External Habits and Wage Rigidities in a 
 DSGE Model." by Harald Uhlig, January 2007. 
004 "Volatility and Causality in Asia Pacific Financial Markets" by Enzo Weber, 
 January 2007. 
005 "Quantile Sieve Estimates For Time Series" by Jürgen Franke, Jean-
 Pierre Stockis and Joseph Tadjuidje, February 2007. 
006 "Real Origins of the Great Depression: Monopolistic Competition, Union 
 Power, and the American Business Cycle in the 1920s" by Monique Ebell 
 and Albrecht Ritschl, February 2007. 
007 "Rules, Discretion or Reputation? Monetary Policies and the Efficiency of 
 Financial Markets in Germany, 14th to 16th Centuries" by Oliver 
 Volckart, February 2007. 
008 "Sectoral Transformation, Turbulence, and Labour Market Dynamics in 
 Germany" by Ronald Bachmann and Michael C. Burda, February 2007. 
009 "Union Wage Compression in a Right-to-Manage Model" by Thorsten 
 Vogel, February 2007. 
010 "On σ−additive robust representation of convex risk measures for 
 unbounded financial positions in the presence of uncertainty about the 
 market model" by Volker Krätschmer, March 2007. 
011 "Media Coverage and Macroeconomic Information Processing" by 
Alexandra Niessen, March 2007. 
012 "Are Correlations Constant Over Time? Application of the CC-TRIGt-test 
to Return Series from Different Asset Classes." by Matthias Fischer, 
March 2007. 
013 "Uncertain Paternity, Mating Market Failure, and the Institution of 
Marriage" by Dirk Bethmann and Michael Kvasnicka, March 2007. 
014 "What Happened to the Transatlantic Capital Market Relations?" by Enzo 
Weber, March 2007. 
015 "Who Leads Financial Markets?" by Enzo Weber, April 2007. 
016 "Fiscal Policy Rules in Practice" by Andreas Thams, April 2007. 
017 "Empirical Pricing Kernels and Investor Preferences" by Kai Detlefsen, 
 Wolfgang Härdle and Rouslan Moro, April 2007. 
018 "Simultaneous Causality in International Trade" by Enzo Weber, April 
 2007. 
019 "Regional and Outward Economic Integration in South-East Asia" by 
 Enzo Weber, April 2007. 
020 "Computational Statistics and Data Visualization" by Antony Unwin, 
Chun-houh Chen and Wolfgang Härdle, April 2007. 
021 "Ideology Without Ideologists" by Lydia Mechtenberg, April 2007. 
022 "A Generalized ARFIMA Process with Markov-Switching Fractional 
 Differencing Parameter" by Wen-Jen Tsay and Wolfgang Härdle, April 
 2007. 
 
SFB 649, Spandauer Straße 1, D-10178 Berlin 
http://sfb649.wiwi.hu-berlin.de 
 
This research was supported by the Deutsche 
Forschungsgemeinschaft through the SFB 649 "Economic Risk". 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
023 "Time Series Modelling with Semiparametric Factor Dynamics" by 
 Szymon Borak, Wolfgang Härdle, Enno Mammen and Byeong U. Park, 
 April 2007. 
024 "From Animal Baits to Investors’ Preference: Estimating and Demixing of 
 the Weight Function in Semiparametric Models for Biased Samples" by 
 Ya’acov Ritov and Wolfgang Härdle, May 2007. 
025 "Statistics of Risk Aversion" by Enzo Giacomini and Wolfgang Härdle, 
 May 2007. 
026 "Robust Optimal Control for a Consumption-Investment Problem" by 
 Alexander Schied, May 2007. 
027 "Long Memory Persistence in the Factor of Implied Volatility Dynamics" 
 by Wolfgang Härdle and Julius Mungo, May 2007. 
028 "Macroeconomic Policy in a Heterogeneous Monetary Union" by Oliver 
 Grimm and Stefan Ried, May 2007. 
029 "Comparison of Panel Cointegration Tests" by Deniz Dilan Karaman 
 Örsal, May 2007. 
030 "Robust Maximization of Consumption with Logarithmic Utility" by Daniel 
 Hernández-Hernández and Alexander Schied, May 2007. 
031 "Using Wiki to Build an E-learning System in Statistics in Arabic 
 Language" by Taleb Ahmad, Wolfgang Härdle and Sigbert Klinke, May 
 2007. 
032 "Visualization of Competitive Market Structure by Means of Choice Data" 
 by Werner Kunz, May 2007. 
033 "Does International Outsourcing Depress Union Wages? by Sebastian 
 Braun and Juliane Scheffel, May 2007. 
034 "A Note on the Effect of Outsourcing on Union Wages" by Sebastian 
 Braun and Juliane Scheffel, May 2007. 
035 "Estimating Probabilities of Default With Support Vector Machines" by 
 Wolfgang Härdle, Rouslan Moro and Dorothea Schäfer, June 2007. 
036 "Yxilon – A Client/Server Based Statistical Environment" by Wolfgang 
 Härdle, Sigbert Klinke and Uwe Ziegenhagen, June 2007. 
037 "Calibrating CAT Bonds for Mexican Earthquakes" by Wolfgang Härdle 
 and Brenda López Cabrera, June 2007. 
038 "Economic Integration and the Foreign Exchange" by Enzo Weber, June 
 2007. 
039 "Tracking Down the Business Cycle: A Dynamic Factor Model For 
 Germany 1820-1913" by Samad Sarferaz and Martin Uebele, June 2007. 
040 "Optimal Policy Under Model Uncertainty: A Structural-Bayesian 
 Estimation Approach" by Alexander Kriwoluzky and Christian 
 Stoltenberg, July 2007. 
041 "QuantNet – A Database-Driven Online Repository of Scientific 
 Information" by Anton Andriyashin and Wolfgang Härdle, July 2007. 
042 "Exchange Rate Uncertainty and Trade Growth - A Comparison of Linear 
 and Nonlinear (Forecasting) Models" by Helmut Herwartz and Henning 
 Weber, July 2007. 
043 "How do Rating Agencies Score in Predicting Firm Performance" by 
Gunter Löffler and Peter N. Posch, August 2007. 
SFB 649, Spandauer Straße 1, D-10178 Berlin 
http://sfb649.wiwi.hu-berlin.de 
 
This research was supported by the Deutsche 
Forschungsgemeinschaft through the SFB 649 "Economic Risk". 
 SFB 649, Spandauer Straße 1, D-10178 Berlin 
http://sfb649.wiwi.hu-berlin.de 
 
This research was supported by the Deutsche 
Forschungsgemeinschaft through the SFB 649 "Economic Risk". 
044 "Ein Vergleich des binären Logit-Modells mit künstlichen neuronalen 
 Netzen zur Insolvenzprognose anhand relativer Bilanzkennzahlen" by 
 Ronald Franken, August 2007. 
045 "Promotion Tournaments and Individual Performance Pay" by Anja 
 Schöttner and Veikko Thiele, August 2007. 
046 "Estimation with the Nested Logit Model: Specifications and Software 
 Particularities" by Nadja Silberhorn, Yasemin Boztuğ and Lutz 
 Hildebrandt, August 2007. 
047 "Risiken infolge von Technologie-Outsourcing?" by Michael Stephan, 
August 2007. 
048 "Sensitivities for Bermudan Options by Regression Methods" by Denis 
Belomestny, Grigori Milstein and John Schoenmakers, August 2007. 
049 "Occupational Choice and the Spirit of Capitalism" by Matthias Doepke 
 and Fabrizio Zilibotti, August 2007. 
050 "On the Utility of E-Learning in Statistics" by Wolfgang Härdle, Sigbert 
Klinke and Uwe Ziegenhagen, August 2007. 
051 "Mergers & Acquisitions and Innovation Performance in the 
Telecommunications Equipment Industry" by Tseveen Gantumur and 
Andreas Stephan, August 2007. 
052 "Capturing Common Components in High-Frequency Financial Time 
Series: A Multivariate Stochastic Multiplicative Error Model" by Nikolaus 
Hautsch, September 2007. 
053 "World War II, Missing Men, and Out-of-wedlock Childbearing" by 
Michael Kvasnicka and Dirk Bethmann, September 2007. 
054 "The Drivers and Implications of Business Divestiture – An Application 
and Extension of Prior Findings" by Carolin Decker, September 2007. 
055 "Why Managers Hold Shares of Their Firms: An Empirical Analysis" by Ulf 
von Lilienfeld-Toal and Stefan Ruenzi, September 2007. 
056 "Auswirkungen der IFRS-Umstellung auf die Risikoprämie von 
 Unternehmensanleihen - Eine empirische Studie für Deutschland, 
 Österreich und die Schweiz" by Kerstin Kiefer and Philipp Schorn, 
 September 2007. 
057 "Conditional Complexity of Compression for Authorship Attribution" by 
 Mikhail B. Malyutov, Chammi I. Wickramasinghe and Sufeng Li, 
 September 2007. 
058 "Total Work, Gender and Social Norms" by Michael Burda, Daniel S. 
 Hamermesh and Philippe Weil, September 2007. 
059 "Long-Term Orientation in Family and Non-Family Firms: a Bayesian 
 Analysis" by Jörn Hendrich Block and Andreas Thams, October 2007 
060  "Kombinierte Liquiditäts- und Solvenzkennzahlen und ein darauf
 basierendes Insolvenzprognosemodell für deutsche GmbHs" by 
 Volodymyr Perederiy, October 2007   
061  "Embedding R in the Mediawiki" by Sigbert Klinke and Olga Zlatkin-
 Troitschanskaia, October 2007 
062  "Das Hybride Wahlmodell und seine Anwendung im Marketing" by Till 
 Dannewald, Henning Kreis and Nadja Silberhorn, November 2007 
063  "Determinants of the Acquisition of Smaller Firms by Larger Incumbents 
 in High-Tech Industries: Are they related to Innovation and Technology 
 Sourcing? " by Marcus Wagner, November 2007 
 
